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OBJECT 


The  purposes  of  this  investigation  were  (a)  to  develop  suitable  test 
methods  for  measuring  the  moisture  content  of  expandable  polystyrene 
parts,  (b)  to  determine  maximum  allowable  moisture  content  for  procure¬ 
ment  purposes,  and  (c)  to  develop  sampling  plans  to  provide  satisfactory 
levels  of  inspection  for  expandable  polystyrene. 

SUMMARY 

Two  methods,  solvent  extraction  and  Karl  Fischer,  were  investigated 
as  means  of  measuring  the  moisture  content  of  molded  expandable  poly¬ 
styrene  for  use  in  Army  Ordnance  ammunition  packaging.  Both  methods 
were  satisfactory  and  gave  results  which  were  in  agreement.  The  maxi¬ 
mum  allowable  moisture  content  for  molded  expandable  polystyrene  was 
established.  This  moisture  content  is  recommended  for  adoption  in 
packing  drawings  and  purchase  specifications.  A  small  sample  inspec¬ 
tion  plan  from  MIL-STD-105B  is  also  recommended  for  adoption. 

CONCLUSIONS 

The  solvent  extraction  and  Karl  Fischer  methods  are  satisfactory  for 
determining  the  moisture  content  of  expandable  polystyrene.  Of  the  two 
methods,  the  Karl  Fischer  method  is  superior  because  it  employs  an 
electrometric  titration  which  allows  a  higher  degree  of  accuracy  and  can 
be  utilized  for  all  sample  sizes.  A  significant  conclusion  of  the  inves¬ 
tigation  was  that  the  loss  in  weight  of  molded  expandable  polystyrene  at 
elevated  temperatures  is  due  to  volatiles  other  than  moisture.  Of  the 
samples  tested,  no  significant  changes  in  moisture  content  were  ob¬ 
served  within  the  material  during  drying  at  160°  F. 

Liquid  water  on  the  surfaces  of  expandable  polystyrene  in  contact 
with  metal  parts  is  expected  to  corrode  these  parts.  Drying  of  the  foam 
at  elevated  temperatures  will  control  this  surface  water  but  will  not  re¬ 
duce  moisture  levels  within  the  material  itself.  Since  values  for  mois¬ 
ture  taken  after  such  drying  did  not  exceed  0.3%,  this  figure  can  be  rec¬ 
ommended  as  a  maximum  allowable  moisture  content  in  packing  drawings 
and  purchase  specifications. 

Humid  atmospheres  do  not  substantially  affect  the  moisture  content 
of  molded  expandable  polystyrene.  No  significant  moisture  distribution 
patterns  were  observed  within  the  material.  It  is  suggested  that  a  small 
sample  inspection  plan  taken  from  MIL-STD-105B  be  adopted  for  quality 
control. 
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RECOMMENDATIONS 


It  is  recommended  that  the  Karl  Fischer  method  rather  than  the  sol¬ 
vent  extraction  method  be  adopted  as  a  standard  for  measuring  moisture 
content  of  molded  expandable  polystyrene.  It  is  also  recommended  that 
0.3%  be  established  as  a  maximum  allowable  moisture  content  in  future 
procurements.  The  following  specific  steps  should  be  taken: 

(1)  Amend  appropriate  packing  drawings  and  purchase  specifica¬ 
tions. 

(2)  Adopt  a  small  sample  inspection  plan  from  MIL-STD-105B 
for  quality  control,  and 

(3)  Keep  liquid  water  away  from  the  parts  prior  to  use. 


INTRODUCTION 


1.  Ordnance  field  reports  indicated  that  molded  expandable  poly¬ 
styrene  supports  in  contact  with  certain  metal  parts  contribute  to  the 
corrosion  of  these  parts. 

2.  Since  most  molded  expandable  polystyrenes  for  Ordnance  pack¬ 
aging  are  prepared  commercially  by  the  application  of  steam  directly 
into  holes  of  a  mold  cavity  and  are  subsequently  cooled  with  water,  it 
was  believed  that  residual  water  on  the  surface  contributed  significantly 
to  the  corrosion  problem.  In  evidence  of  this  condition,  a  number  of 
expandable  polystyrene  containers  for  the  M525  PD  fuze,  as  received 
for  development  testing  at  Picatinny  Arsenal,  were  found  to  possess  a 
significant  amount  of  surface  water.  Apparently,  it  was  retained  on 
the  surface  of  the  parts  as  a  result  of  cooling  and/or  condensation  of 
steam  during  manufacture.  Usually,  such  surface  water  exists  as  a 
thin  film  and  is  extremely  difficult  to  detect  visually. 

3.  Because  of  the  importance  of  the  corrosion  problem  in  Ord¬ 
nance  packaging,  a  program  was  initiated  to  develop  suitable  test 
methods  for  measuring  moisture  content,  to  determine  maximum  allow¬ 
able  moisture  content  of  expandable  polystyrene  parts  during  procure¬ 
ment,  and  to  develop  sampling  plans  to  provide  satisfactory  levels  of 
inspection.  Examination  of  an  existing  procurement  specification  (MIL- 
P-19644)  showed  that  no  requirement  exists  for  controlling  moisture 
content  of  molded  expandable  polystyrene  parts  during*procurement 

for  Ordnance  packaging. 


RESULTS 

4.  Figures  1  and  2  show  a  number  of  weight  loss  vs  time  curves 
for  the  drying  at  160°  F  of  molded  expandable  polystyrene  samples 
that  had  been  room  temperature  conditioned  for  4  months  (Fig  1)  and 
2  years  (Fig  2).  Solvent  extraction  tests  performed  on  these  materials 
after  their  drying  periods  and  also  on  control  samples  revealed  mois¬ 
ture  levels  of  0.3%  maximum.  Karl  Fischer  tests  for  moisture  were 
also  conducted  on  control  samples  and  on  samples  that  had  previously 
been  dried  at  160°  F  for  extended  periods  (Fig  3).  Samples  were  room 
temperature  aged  for  one  year.  Figure  4  indicates  the  effect  of  ex¬ 
posure  in  a  humid  atmosphere  (160°  F,  60% RH)  for  an  extended  period. 


5.  Molded  samples  immersed  for  16  hours  under  a  4-inch  head  of 
water  absorbed  exhibited  a  moisture  content  of  23%.  Karl  Fischer  tests 
conducted  on  molded  samples  of  expandable  polystyrene  disclosed  no 
significant  moisture  distribution  patterns. 

DISCUSSION 


Solvent  Extraction  Method 


6.  One  of  the  objectives  of  this  study  was  to  develop  a  testing  tech¬ 
nique^)  for  measurement  of  moisture  content  of  molded  expandable 
polystyrene.  Two  methods,  both  of  which  involve  destructive  sampling, 
were  examined.  In  the  first  method,  solvent  extraction  (Moisture, 
Carbon  Tetrachloride  Distillation  Method,  MIL-STD-286,  Method  102. 1), 
a  sample  was  dissolved  in  carbon  tetrachloride  and  heated.  The  residual 
water  and/or  moisture  in  the  sample  was  evaporated,  condensed,  and 
measured. 

7.  Solvent  extraction  tests  were  performed  on  a  number  of  expand¬ 
able  polystyrene  containers  (for  the  M525  PD  fuze)  which  had  been  room 
temperature  aged  for  4  months.  This  test  and  all  subsequent  tests  were 
conducted  on  natural  grades  of  material  qualified  under  MIL-P-19644. 
Moisture  contents  were  determined  on  samples  previously  dried  at  160°  F 
for  4  and  90  hours.  Values  were  0. 19%  and  0. 14%,  respectively.  The 
same  test,  performed  on  a  control  sample  with  dry  surfaces,  indicated  a 
moisture  content  of  0.26%  (Fig  1).  Two-year  room-conditioned  samples 
which  were  subsequently  dried  for  95  and  120  hours  showed  moisture 
contents  of  0.29%  and  0. 19%,  respectively  (Fig  2). 

8.  Examination  of  results  revealed  no  significant  change  in  mois¬ 
ture  content  of  surface-dry  samples  during  drying  at  160°  F.  Since 
the  moisture  content  remained  substantially  constant,  the  loss  in 
weight  of  the  samples  was  attributed  to  loss  of  volatiles  rather  than 
loss  of  moisture.  This  fact  was  corroborated  when  the  molded  ma¬ 
terial  was  examined  by  infrared  spectroscopy  for  the  presence  of  or¬ 
ganic  volatiles.  At  165°  F,  a  small  amount  of  hydrocarbon  was  detected. 
Apparently,  small  traces  of  volatile  hydrocarbon  remained  after  expan¬ 
sion.  A  reported  analysis  of  the  material  in  its  pre-expanded  state  dis¬ 
closes  a  volatile  content  of  6. 5%  -  8. 0%. 

9.  The  main  advantages  of  this  method  are  a  fairly  high  degree  of 
accuracy  and  simplicity.  A  limitation  of  this  method  is  that  sample 
sizes  outside  the  50-100  gram  range  cannot  be  used. 


6 


Karl  Fischer  Method 


10.  The  Karl  Fischer  method  (Water  by  Electrometric  Titration 
with  Karl  Fischer  Reagent,  Fed  Test  Method  Std  791,  Method  3253)  in¬ 
volved  dissolving  an  8-10  gram  sample  in  60%  carbon  tetrachloride/40% 
methanol  solution  and  titrating  with  standard  Karl  Fischer  reagent. 

11.  A  number  of  expandable  polystyrene  supports  for  the  M517  VT 
fuze  which  were  room  temperature  aged  for  one  year  were  subjected  to 
a  titration  test  using  Karl  Fischer  reagent.  Results  of  tests  on  a 
group  of  surface-dry  samples  revealed  moisture  contents  of  0.12%  - 
0.20%.  The  same  test,  repeated  on  samples  which  were  dried  at 

160°  F  for  90  hours,  showed  moisture  contents  of  0. 13%  -  0. 17%. 

12.  The  results  obtained  with  the  Karl  Fischer  method  agree  with 
those  obtained  by  the  solvent  extraction  method.  No  significant  changes 
in  moisture  content  were  observed  after  drying  at  160°  F  and  the  loss 

in  weight  was  therefore  attributed  to  volatiles.  Since  the  values  did 
not  exceed  0.3%  for  surface-dry  material,  this  figure  can  be  recom¬ 
mended  as  a  maximum  allowable  moisture  content  in  future  purchase 
specifications.  To  ensure  compliance,  it  is  recommended  that  the 
supplier  be  held  responsible  for  quality  control.  Drying  at  elevated 
temperatures  can  be  expected  to  eliminate  residual  surface  water  re¬ 
tained  from  the  cooling  operation,  but  care  must  be  exercised  during 
molding  to  prevent  the  amount  of  moisture  within  the  material  from 
exceeding  the  maximum  figure.  To  maintain  these  moisture  levels, 
it  is  required  that  the  Ordnance  Corps  keep  liquid  water  away  from 
the  material  prior  to  use. 

Effect  of  Humid  Environments 


13.  Figure  4  shows  the  effect  of  a  humid  environment  (160°  F,  60% 
RH)  on  an  M517  VT  fuze  support.  Losses  in  weight  were  observed 
after  48  hours.  Karl  Fischer  titration  tests  conducted  after  the  48-hour 
exposure  period  indicated  a  moisture  content  of  0. 09%.  Other  samples 
subjected  to  86°  F  and  90%  RH  showed  no  increase  in  weight  after  120 
hours  exposure.  These  results  revealed  that  humid  atmospheres  do  not 
substantially  affect  the  material. 
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Water  Absorption 


14.  Solvent  extraction  tests  were  performed  on  2-year-aged,  surface- 
dry  samples  of  molded  expandable  polystyrene  that  had  been' immersed 
under  a  4-inch  head  of  water  for  16  hours.  A  moisture  content  of  23%  was 
exhibited.  This  value  represents  the  residual  moisture  present  in  the 
samples  prior  to  immersion  (less  than  0,  3%)  and  the  water  retained  from 
water  conditioning.  Subsequent  drying  at  160°F  for  an  extended  period 
evaporated  the  water  retained  from  imrpersion  but  did  not  eliminate  the 
residual  moisture  present  prior  to  the  conditioning  period. 

Moisture  Distribution 


15.  A  number  of  expandable  polystyrene  supports  for  the  M21  mine 
(Ordnance  Dwg  F883086 1 )  were  subjected  to  the  Karl  Fischer  test  to  de¬ 
termine  whether  significant  distribution  patterns  existed.  Samples  taken 
directly  from  the  mold  were  sectioned  and  tested.  Values  ranged  from 
0.  08%  —  0.  12%.  The  test,  repeated  on  samples  cured  for  48  hours,  showed 

values  of  0.  11%  —  0.  20%.  No  significant  moisture  distribution  patterns 
were  observed  for  any  group;  that  is,  moisture  content  at  the  center  of  the 
support  was  equivalent  to  that  near  the  surface. 

Sampling 


16.  Since  some  parts  are  purchased  in  large  quantity,  sampling  plans 
which  would  provide  adequate  levels  of  inspection  were  investigated.  When 
this  testing  method  is  used,  the  samples  are  destroyed.  Typical  plans 
which  can  be  readily  adopted  are  listed  in  MIL-STD- 105B.  Table  III -B 
outlines  several  suitable  plans  for  small  sample  inspection.  It  is  suggested 
that  inspection  level  L2  be  used. 
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EXPERIMENTAL  PROCEDURE 


17.  The  solvent  extractions  were  conducted  in  accordance  with  the 
procedure  in  MIL-STD-286,  Method  102. 1  (Moisture,  Carbon  Tetra¬ 
chloride  Distillation  Method).  Covers  of  molded  expandable  polystyrene 
containers  which  weighed  approximately  78  grams  each  were  dissolved 
in  carbon  tetrachloride. 

18.  The  Karl  Fischer  tests  were  conducted  in  accordance  with  the 
procedure  outlined  in  Federal  Test  Method  Standard  No.  791,  Method 
3253  (Water  by  Electrometric  Titration  with  Karl  Fischer  Reagent). 
Molded  M517  VT  supports  of  expandable  polystyrene  which  weighed 
approximately  7  grams  each  were  dissolved  in  a  60/40  carbon  tetra¬ 
chloride/methanol  solution. 

19.  For  the  water  absorption  test,  molded  samples  of  M525  con¬ 
tainers  were  immersed  for  16  hours  under  a  4-inch  head  of  water. 
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Figure  1.  Effect  of  Elevated  Temperature  on  Moisture  Content  as  Determined 
by  Solvent  Extraction  Method  (Four  month  Aged  Samples) 
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Figure  3.  Effect  of  Elevated  Temperature  on  Moisture  Content 
as  Determined  by  Karl  Fischer  Method 
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Figure  4.  Effect  of  Humid  Atmosphere  (160°F,  60%  RH)  on  Moisture  Content 


DISTRIBUTION  LIST 


Commanding  Officer 
Picatinny  Arsenal 

ATTN:  Technical  Information  Section 
Dover,  N.  J. 

Chief  of  Ordnance 
Dept  of  the  Army 
ATTN:  ORDTB 
Washington  25,  D.  C. 

Commanding  General 
OSWAC 

ATTN:  ORDSW-A 
ORDSW-W 
Picatinny  Arsenal 
Dover,  N.  J. 

Plastics  Technical  Evaluation  Center 
ATTN:  Director 
Picatinny  Arsenal 
Dover,  N.  J. 

Commanding  General 
Ordnance  Weapons  Command 
ATTN:  ORDOW-TX 
Rock  Island,  Illinois 

Commanding  General 
Army  Ordnance  Missile  Command 
ATTN:  ORDAB-DFR 
ORDAB-DV 

Mr.  A.  O.  Keys,  Propulsion  and  Process 
Dept.  (Sec  444) 

Redstone  Arsenal,  Alabama 


Copy  No. 

1-5 

6 

7 

8 

9-10 

11  -  12 

13 

14 

15 


DISTRIBUTION  LIST  (Continued) 


Commanding  General 
Army  Ordnance  Missile  Command 
ATTN:  ORDXR-OTL,  Technical  Library 
ORDXR-OCP 

Redstone  Arsenal,  Alabama 

Commanding  Officer 
Detroit  Arsenal 

ATTN:  ORDCM-RMN,  Mr.  John  Reynar 
ORDMC-RRS,  Mr.  D.  R.  Lem 
Center  Line,  Michigan 

Commanding  General 

Aberdeen  Proving  Ground 

ATTN:  Coating  and  Chemical  Laboratory 

Technical  Library,  ORDBG-LM,  Bldg.  313 
Maryland 

Commanding  General 
White  Sands  Missile  Range 
ATTN:  ORDES-TS-TIB 

OM-WSWL,  Director  WSWL 
New  Mexico 

Commanding  Officer 
Frankford  Arsenal 

ATTN:  Pitman-Dunn  Labs,  Dr.  H.  Gisser 
Library  Branch,  0270 
Philadelphia  37,  Pa. 

Commanding  Officer 
Rock  Island  Arsenal 
ATTN:  Laboratory,  Mr.  R.  F.  Shaw 
Rock  Island,  Illinois 

Commanding  Officer 

Ordnance  Materials  Research  Office 

ATTN:  RPD 

Watertown  Arsenal 

Watertown  72,  Mass 

16 


Copy  No. 


16 

17  -  21 


22 

23 


24 

25-26 


27 

28 


29 

30 


31 


32 


0 


DISTRIBUTION  LIST  (Continued) 


Copy  No. 

Commanding  Officer 
Springfield  Armory 

ATTN:  Res  Chem  Lab,  Mr.  Zavarella  33 

Springfield  1,  Mass. 

Commanding  Officer 
Watervliet  Arsenal 

ATTN:  ORDBF-RR  34 

Watervliet,  N.  Y. 

Commanding  General 

U.  S.  Army  Ordnance  Guided  Missile  School  35 

Redstone  Arsenal,  Alabama 

Commanding  General 
Ordnance  Ammunition  Command 

ATTN:  ORDLY-Q-TCP  36 

Joliet,  Illinois  • 

Commanding  General 

Ordnance  Tank -Automotive  Command 

ATTN:  ORDMG-11-60  37 

Detroit  Arsenal 
Center  Line,  Michigan 

Commanding  Officer 
Watertown  Arsenal 

ATTN:  Technical  Information  Section  38 

Watertown  72,  Mass. 

Commanding  Officer 

Diamond  Ordnance  Fuze  Laboratories 

ATTN:  Technical  Reference  Section  39 

A.  A.  Benderly  40 

Connecticut  Ave  and  Van  Ness  St,  NW 
Washington  25,  D.  C. 

t 


17 


DISTRIBUTION  LIST  (Continued) 


Commanding  General 

U.  S.  Army  Signal  Research  and  Development 
Laboratories 

ATTN:  SIG-FM/EL-PEM-l-d 
Mr.  E.  Beekman 
Fort  Monmouth,  N.  J. 

Chemical  Corps 

Chemical  Research  and  Development  Labs 
ATTN:  Mr.  T.  A.  Treglia 
Army  Chemical  Center,  Maryland 

Chemical  Corps 

Chemical  Center  and  Chemical  Corps  Materiel  Command 
ATTN:  Mr.  A.  A.  Cooke,  CMLAM-M-ZP-44 
Army  Chemical  Center,  Maryland 

Commanding  Officer 

Engineer  Research  and  Development  Laboratories 
Materials  Branch 
ATTN:  Mr.  Philip  Mitton 
Mr.  S.  Goldfein 
Fort  Belvoir,  Virginia 

Commanding  General 

Quartermaster  Research  and  Engineering  Center 
ATTN:  Clothing  and  Organic  Materials  Div. 

Natick,  Mass. 

• 

Office,  Chief  of  Transportation 
Dept  of  the  Army 

ATTN:  Mr.  John  Stolarick,  TCARO-R 
Washington  25,  D.  C. 

U.  S.  Army  Transportation  Research  Command 
Fort  Eustis 

ATTN:  Mr.  J.  E.  Forehand,  Aviation  Directorate 

Mr.  H.  I.  Krellen,  Surface  Mobility  Directorate 

Virginia 


DISTRIBUTION  LIST  (Continued) 


Dept  of  the  Navy 
Office  of  Naval  Research 
ATTN:  Code  423 
Washington  25,  D.  C. 

Dept  of  the  Navy 
Bureau  of  Ships 
Hull  Division 

Materials  Development  and  Applications  Branch 
ATTN:  Mr.  J.  B.  Alfers,  Code  634C 
Washington  25,  D.  C. 

U.  S.  Naval  Ordnance  Laboratory 
ATTN:  Mr.  H.  A.  Perry 

Mr.  F.  R.  Barnet,  Chief,  Nonmetallic 
Materials  Division 

White  Oak 

Silver  Spring,  Maryland 
Commander 

Naval  Research  Laboratory 
ATTN:  Technical  Information  Officer 
Anacostia  Station 
Washington  25,  D.  C. 

Commander 

New  York  Naval  Shipyard 
ATTN:  R.  R.  Winans 

Material  Laboratory  (Code  948) 
Brooklyn  1,  N.  Y. 

Dept  of  the  Navy 
Bureau  of  Naval  Weapons 
ATTN:  RRMA 

Airborne  Equipment  Division 
Washington  25,  D.  C. 


Copy  No. 

53 


54 

55 

56 

57 


58 

59 

60 


19 


DISTRIBUTION  LIST  (Continued) 


Copy  No. 


Dept  of  the  Navy 
Bureau  of  Supplies  and  Accounts 
ATTN:  Mr.  H.  Lapidus 
Code  S-82 

Washington  25,  D.  C. 

Naval  Weapons  Station 
Research  and  Development  Division 
ATTN:  Mr.  U.  Cormier 
Yorktown,  Virginia 

Aeronautical  Materials  Laboratory 
Naval  Air  Materials  Center 

ATTN:  Mr.  E.  K?  Rishel,  Head,  Plastics  Branch 
Philadelphia  12,  Pa. 

Naval  Weapons  Laboratory 
ATTN:  Mr.  R.  Tom  (Code  WCD) 

Dahlgren,  Virginia 

Dept  of  the  Navy 

Bureau  of  Naval  Weapons  Research, 

Development  Test,  and  Development 
ATTN:  Mr.  P.  M.  Goodwin,  Head,  Nonmetals 
Branch  (RRMA-3) 

Washington  25,  D.  C. 

Naval  Air  Development  Center 

Aeronautical,  Electronic,  and  Electrical  Laboratory 
ATTN:  Dr.  H.  R.  Moore,  Head,  Materials  and 
Process  Branch 
Johnsville,  Pa. 

Commander  (Code  5557) 

U.  S.  Naval  Ordnance  Test  Station 
Inyoke rn 

China  Lake,  California 


61 


62 


63 


64 


65 


66 


67 


20 


DISTRIBUTION  LIST  (Continued) 


Copy  No. 


David  Taylor  Model  Basin 
ATTN:  Mr.  A.  R.  Willner,  Head,  Materials 
Research  Branch 
Washington  7,  D.  C. 

Commander 

Aeronautical  Systems  Division 
Wright-Patterson  Air  Force  Base 
ATTN:  Mr.  R.  T.  Schwartz,  ASRONC 
Mr.  Peterson,  ASRCNC-1 
Dayton,  Ohio 

Armed  Services  Technical  Information  Agency 
Arlington  Hall  Station 
Arlington  12,  Virginia 

Dr.  W.  R.  Lucas  (M-S  and  M-M) 

George  C.  Marshall  Space  Flight  Center 
Huntsville,  Alabama 

Dept  of  Commerce 
National  Bureau  of  Standards 
ATTN:  Mr.  Frank  W.  Reinhart 
Room  4022,  Industrial  Building 
Washington  25,  D.  C. 

Sandia  Corporation 
Sandia  Base 
Albuquerque,  N.  M. 

Sandia  Corporation 
Livermore  Laboratory 
ATTN:  Librarian 

P.  O.  Box  969  # 

Livermpre,  California 


68 


69 

70 


71  -  80 


81 


82 


83 


84 


# 


- 


UNCLASSIFIED 


UNCLASSIFIED 


